Abstract
Introduction
In recent years, Green Logistics researches or environmentally friendly logistics has become an interesting topic for many researchers. This issue arises because of environmental damage caused by transportation and distribution of goods. The goal is in addition to realizing the economic benefits of certain subjects, it is also needed to maintain resources and protect the environment, so that this has become the highest priority in several organizations [1] . Transportation has the highest cost, which occupies 29.4% of total logistics costs. Followed by inventory of warehousing costs, packing costs, management costs, movement costs, and finally, ordering costs [2] . One mode of transportation commonly used is road freight transportation. This sector is a significant emitter of carbon dioxide (CO 2 ). Green freight transportation considers other factors such as Green House Gas (GHG) and fuel costs [3] . The percentage of total Green House Gas (GHG) emissions from transportation increased from 24.9% to 27.3% in only 15 years 1990-2005 and road transportation contributed 78% of emissions produced by all modes of transportation [4] . This volume of emissions is the same as fuel consumption [5] and fuel consumption depends on various factors such as vehicle speed, acceleration, distance, and load [6] .
From the description above, the company can improve its distribution activities to be environmentally friendly by optimizing fuel use. This optimization can be done with several factors that can be improved, as follows:  Determining the location of the warehouse or depot, so that the location is indeed placed in a strategic location and can reach all distributors or consumers.  Assignment of vehicles used to distribute finished goods with different capacities according to the demand.  Determination of the route of each vehicle that is assigned so that there is no sequence distribution error that can cause waste of fuel use. 
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The research object used in this study is data on the distribution of packaged goods. This data was chosen because of the increasing demand for cement and the widening spread of demand and an increasingly diverse fleet. Therefore, the company needs to consider these three factors to support environmentally friendly business activities.
Based on the above three reasons, organizations need tools to facilitate the design of their fleet assignments with the aim of minimizing fuel that can produce decisions for all three factors. But before implementing the algorithm used, it is necessary to have a valid model to be optimized. Therefore, researchers found a gap that the selection of facility locations and the combination of vehicle capacity by considering emissions for environmentally friendly logistics had never been conducted in a research because of the current conditions as follows:  From a theoretical point of view there is no mathematical model that addresses the optimization of these three logistical components. This research will produce a contribution of thought in the form of a mathematical model with the objective function is to minimize the fuel that will be achieved by decision variables namely, determining the location of facilities, determining what types of vehicles are assigned to do the distribution, and as well as the route of each vehicle is assigned.  From a practical perspective, the location of warehouse or depot facilities, fleet composition and routes can all generate an environmentally friendly transportation mission. Some interactions between these factors have not been well integrated. The results of this research can be used as a reference for an organization in opening or closing a warehouse or depot facility and in assigning a fleet or vehicle to distribute. So it is expected that at the managerial level will get a solution to realize Green Logistics which not only saves costs but is also environmentally friendly.
Researchers suspect that it is necessary to optimize the three factors in an integrated manner. However, from a review of the literature that has been carried out, so far it has not been found, or very little research is related to the topic. The model developed will provide a managerial insight illustrated in Fig 1. Fuel optimization is generated by assigning large and small capacity vehicles at facility A or depot and different decisions for facility / depot B. This decision is very valuable for an organization that has an impact on fuel savings. Thus, the organization not only saves its transportation costs but is also able to contribute meaningfully to the environment. Therefore, researchers have contributed novelty to the development of models and their optimization with appropriate methods. Research on environmentally friendly logistics (Green Logistics) has been carried out by several other researchers. Bektas and Laporte [7] has done research in Introduction of a mathematical model that considers emission minimization on the first route formation made (Pollution Routing Problem).Demir et al [8] has done an application of previously created models [7] Paper Accepted : Nov, 16 th 2018 Paper Published : Des, 31 th 2018 60 in cities in the UK using the Adaptive Learn Neighborhood Search algorithm. Their model is only applicable to one type of vehicle however, basic calculation of fuel consumption and emissions is generated. These two researches are as the initial foundation for developing a model that considers the environment. Development of emission minimization calculation model with its application in a simple dataset. The test is using Tabu Search and the combination of vehicle capacity is done by Kwon et al [9] . The next development is done by Koç et al, 2014 [10] , he used the model development from [9] by minimizing detailed fuel cost calculations as done by [8] . The relation between these two and this research are as a basic for developing mathematical models for several types of vehicles, although the problems have not considered fuel costs by means of detailed calculations such as calculations shown by [8] .
Toro et al [11] made model that considers fuel minimization and depot location determination, as well as determining the routes served by each depot. The relation of [11] to this research is the determination of the location of the warehouse / depot facility that becomes and the route of each vehicle. However, [11] have not considered the opening of warehouse / depot facilities, only routing and determining the composition of vehicle capacity.The problem has not been based on how to use a combination of vehicle capacity.
This proposed research will fill the research gap. Researchers will develop a model with the object of research is transportation and distribution of packaged goods. This model will have an objective function to minimize emissions from some point of view, namely: opening warehouse facilities, determining fleet management with a combination of vehicle capacity composition, and determining an integrated route so that the decision can save fuel consumption when compared to current conditions. This fuel saving will reduce emissions, so that the distribution activities carried out will be environmentally friendly.
Research Method 3.1 Research Stages
The research method consists of the stages of data collection, development of model and validation as shown in Table 1 . 
Simulated Annealing Algorithm
The metaheuristic Simulated Annealing (SA) algorithm used is an adjustment of the algorithm in the metaheuristics handbook by [12] The algorithm consists of two parts, namely the initial phase and the repair phase. The initial phase will be used the Nearest Neighbor algorithm to find the initial solution. After getting the initial solution, the algorithm continues to the repair phase. In this phase, a new route will be selected by changing the neighborhood solution now e-ISSN 2477-6025 The algorithm starts with setting the current temperature, which is T0 and randomly raises the initial solution X. The best solution is now denoted by Xbest and the objective function of X denoted by Fbest. The new solution is denoted by Y, is the solution that results from the improvement of the previous solution (X), each value of the objective function will be evaluated and compared. Suppose Δ = obj (Y) -obj (X). If Δ is less than or equal to zero, then the objective value Y is better than X, therefore X is replaced by Y. Otherwise, the possibility of replacing X with Y is exp (Δ / KT). Xbest and Fbest will record the best current solution and the best objective function value. The current temperature T0 will decrease after titration using the formula T = αT. The algorithm ends when the current temperature T0 is lower than Tfinal or the best current solution Xbest is not repaired further as much as Nonimproving in successive temperature reductions.
Problem Definition
In practice, many types of vehicles can be used for shipping. Different types of vehicles produce different emission levels. In this study used heterogeneous vehicle fleets and depot choices that can be used. The purpose of this study was to find the minimum total pollution costs caused by the fleet deployed. Illustration of this problem is shown in Fig 1. This problem can be applied by companies or organizations that have a fleet with different types of vehicles and different depot locations / facilities to service customers or other entities located in a wide geographical area. In this study, the location of the facility to be opened will be determined, the type of vehicle to be used along with the routing that must be passed, the third integration to minimize pollution costs. The tour must start and end at the same depot. Each customer must be visited exactly once and several other restrictions. The total number of requests cannot exceed the capacity of each type of vehicle. The following are the parameters of the type of vehicle used. 
Result and Discussion
In this section the mathematical model and numerical experiments will be discussed.
Mathematical Model
In the graph, this problem is defined as a complete graph of G = (N, S) where S = {0, ..., n} is a set of vertices, 0, 1,…f is depot and A = {(i, j): i, j N and i ≠ j} is the set of arc. The distance from node ito j is denoted as dij. Vv is a set of vehicles with type v. Every vehicle in the fleet has a Qv capacity. The customer is set by S0 = S {0}, each member with a request qs that cannot be negative. The time window is denoted as [ai, bi] is the limit for each node. Set ai is the temporary opening time set bi is closing time. The service time for customers is symbolized by ti. Early arrivals are permitted but services must always begin in the customer's time window. The vehicle speed and level are denoted as v and r, respectively. The following discussion is the mathematical model that developed: Constraints: 
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The objective function minimizes the total cost including fixed facility cost and vehicle cost (curb weight, engine module, speed). Constraints (1) and (2) ensure that each customer is visited exactly once. Constraints (3) imply that the demand of each customer is fully served. Constraints (4) ensure that the total load on any path cannot exceed the capacity of the vehicle traversing it. Constraints (5) ensure that the total load of the vehicles departing from a depot is equal to the total demand of the customers assigned to it. Constraints (6) state that the load on all vehicles returning to each depot must be equal to zero. Constraints (7) dan (8) are the bounds on the load variables. Constraints (9) guarantee that total demand associated with a depot cannot exceed its capacity. Constraints (10) and (11) ensure that each customer is assigned to only one depot and one vehicle, respectively. Constraints (12) and (14) forbid the formation of routes that do not start and end at the same depot. Finally, constraints (15)-(18) enforce the integrality and nonnegativity restrictions on the variables.
Model Validation
Scenarios for validation: two facilities location, three customers, and two vehicles with different capacities. The next constraint, the total demand of the customer supplied by a depot does not exceed the production capacity of the depot (Constraint 9). Of the eight configurations, there is one configuration that does not violate the 9th constraint, namely Customer A and Customer B supplied by Depot F, and Customer C is supplied by Depot G. Vehicle configuration at each customer. Every customer is sure to have a vehicle that will deliver demand. The route for each vehicle is made based on the configuration of the vehicle and by looking at the existing constraints. There are 24 routes that do not violate restrictions. Of these 30 routes, the 6 routes generated from configuration 8 give the lowest cost value of 141.
Calculation of Total Emission Costs
Emission costs in this study consist 
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e-ISSN 2477-6025 Calculation of cost is based on the parameters in Table 3 and the data in Table 5 . From the enumeration calculation for the data above, the results show that to minimize the total emissions costs is to open depot 1, using type one vehicles by route: Depot 1-AB-Depot 1, with the total cost of emissions is 200,02963(£). The details results are shown in Table 8 and Table 9 .
Simulated Annealing Algorithm Validation
The parameters used in this study are non-improving = 200,000,000, To = 20, Tf = 0.001, Iiter = 150 and α = 0.999. This parameter was obtained from experiments conducted with 2k factorial combination. Validation The algorithm that is formed using Visual Studio will validate the results by comparing it with the enumeration results. Here are the results of the recapitulation of results is shown in table 9. From the results that shown in table 9, the formed algorithm can provide good performance and the same as the enumeration results, so that the SA that is formed can be used to run larger data.
Numerical Experiments
The following calculations are the results of the recapitulation running for data of 10 customers with two candidates for open depots and 50 customers with 3 candidates for depots that can be opened. Data is taken from http://www.apollo.management.soton.ac.uk/prp lib.htm. and some additional data for the location of prospective depots, including interdistance distance and distance of the depot with all customers.
The running results will be compared with [13] which discusses the Heterogeneous Fleet Pollution Routing Problem (HFPRP) in which results are running with CPLEX for exact solutions and computational results for HFPRP, so that there will be differences in the total emissions costs if there are potential depots others to choose from. For small instances (10 Nodes) [13] done by two methods which are CPLEX and Heuristics using Simulated Annealing, on the other hand due to the computational time, the larger instances (50) nodes, they used only heuristics method (Simulated Annealing).
Result Discussion
Average emission costs have been generated by each scenario. By comparing the results of previous solutions with this research, the difference in the cost for each instance will be calculated. For example in UK10_01 Table  10 the results of 149.03 (£)were obtained in the previous study which only used one depot, and 139.9403 which used two prospective depots, the GAP result was 6.12% with the following calculation Therefore, the GAP shows that there was a decrease in the total cost of emissions of 6.12%. The computational results in the small sample shown in Table 10 show a difference in the total cost of emissions when there are other potential depots that can be opened. The average total cost of emissions is reduced by 4.15% for all instances.The reduction in total costs is due to the opening of new depots. As shown in the small example, a decrease in the total cost of emissions occurs when a new depot isopened. In a small example, there is no difference in the route and use of the type of vehicle that is formed, so that it can be analyzed that the reduction in the total cost of emissions produced is due to the difference in the depot being opened. Where as the computational results in the larger examples (50 nodes) which are also shown in Table11 indicate a significant difference in the total cost of emissions when there are other potential depots that can be opened. The average total cost of emissions was reduced by 18.88% for all instances.The reduction in total costs on larger data is caused by several things including differences in the types of different vehicles used, the routes formed and the depots that are opened. This is shown in the table that there are differences in the use of vehicle types when compared with the [13] . In general, decisions that can integrate three things, namely: the location of the depot that can be opened, the type of vehicle chosen and also the order of the tour / route wil laffect the total cost of emissions.This model can be applied by organizations that consider the environment to be a priority, because with the optimization of the three, it can minimize fuel use which also save semissions costs and can be aligned with route optimization. So that both the environmentally friendly and the distribution cost savings can be achieved.
Conclusion
In this study a mathematical model has been developed to determine the location of facilities and the combination of the composition of vehicle capacity along with routes to minimize fuel use for the realization of environmentally friendly logistics. The applied algorithm is able to minimize the total fuel cost which is also an emission cost of 4.15% on small size data and 18.88% on larger data. This model together with the algorithm developed can be used by the organization that concern with logistics-environmentally issues.
To further enrich this type of problem, it will be a relevant extension to consider several additional rich constraints such as separate shipments. Each vehicle can twice or more in sending demand. As for the solution approach, it would be more comprehensive to use additional environmental movements such as 2-opt and CROSS-exchange. Hopefully it can provide more comprehensive exploration for better results because this study only uses the SA algorithm with basic environmental movements.We also recommend using metaheuristics that is suitable for combinatorial cases such as routing problems in this study, such as Genetic Algorithm (GA), Particle Swarm Optimization (PSO), and Ant Colony Optimization (ACO). [13] This Research (different location of depot is allowed)
vehicle needed Computational result Number of Opened Depot GAP with SA in [13] No Instances
